Oscillator strengths for resonance lines of ions in the neon isoelectric sequence by Omidvar, K. et al.
L 
a 
X-614-66-287 
OSCILLATOR STRENGTHS FOR 
RESONANCE LINES OF IONS IN THE NEON 
ISOELECTRIC SEQUENCE 
B Y  
S. 0. KASTNER 
K. OMIDVAR 
J. H. UNDERWOOD 
\ 
, JUNE 1966 
- -  GODDARD - SPACE FLIGHT CENTER - 
'I * \ GREENBELT, MD. ,: GPO PRICE $ 
CFSTI PRICE(S) $ 
b N67 13227 
F-Sz5rflf 
*, 
{ i ( A C C E S ; Y 2 T R )  I 
' 2  
Ha. . m p y  (HC) t PAGES) E 
, 
Microfiche (MF) 14 irn (NASA CR OR TMX OR A D  NUMBER) 
If 663 July 131 
I P 
https://ntrs.nasa.gov/search.jsp?R=19670003898 2020-03-24T02:35:11+00:00Z
OSCILLATOR STRENGTHS FOR RESONANCE L I N E S  
OF I O N S  I N  THE NEON ISOELECTRONIC SEQUENCE 
S .O . KASTNER, K OMIDVAR, J .H . UNDERWOOD 
GODDARD SPACE F L I G H T  CENTER 
GREENBELT, MARYLAND 
. 
IN TRODUC TION 
We give oscillator strengths in Table 2 for some extreme ultraviolet 
resonance lines of ionized atoms in the neon isoelectronic sequence, up 
to Fe XVII, The iast ion motivated the work, siwe its lines have been 
recently observed in the coronal spectrum by Blake et a1 1 and by workers 
in this laboratory; knowledge of the oscillator strengths of these lines 
should permit estimates of the electron density and temperature of the 
emitting regions to be made. 
* 
CALCULATION 
* 2  
A computer program of C. Froese was used, which calculates Hartree- 
Fock wave functions for an isoelectronic sequence and uses these to form 
Slater integrals F , G and the spin-orbit parameter 54,. The secular 
equations involving these parameters, for the J=l levels of the 2p 3s and 
2p 3d configurations, are respectively quadratic and cubic; these were 
solved to give intermediate-coupling coeff icients3 for the Hartree-Fock 
k k  
5 
5 
(LS) wave functions. Electric dipole length radial integrals were formed 
between the 1 P wave functions of the excited configurations and the '5 
wave function of the ground state. 
lated using the line strength formula for pn - p 
Menzel in their general tables . 
Oscillator strengths were then calcu- 
n- 1 
4, given by Shore and 
4 This formula takes into account the fact 
that any one of the six equivalent p electrons in the outer shell may 
contribute to the transition. 'Observed energies4 were used except in the 
cases of V+13 and A 
+8 
whose energies were interpolated between those of 
neighboring members of the sequence. I. 
* R, H. Garstang (private communication> has also calculated oscillator 
strengths for the Fe XVII transitions. 
general agreement with his. 
The values reported here are in 
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We f i n d  t h a t  f o r  i o n s  A 1  I V  t o  Fe X V I I  t h e  des igna t ion  of t h e  
5 5 5 
2p 3d - 'P1 and 2p 3d - 3D 
r e f l e c t  t h e  r e spec t ive  amounts of P1 and D c h a r a c t e r  i n  t h e i r  a c t u a l  
wave func t ions ;  f o r  Fe X V I I  and C 1  V I 1 1  t h e  c o e f f i c i e n t s  of P component 
i n  t h e  th ree  l e v e l s  are (us ing  AEL des igna t ions ) :  
l e v e l s  i n  AEL should be interchanged,  t o  1 
1 3 
1 
1 
6 
w a s  probably based on parentage , t he  p a r e n t s  of t he  3D and 
being r e spec t ive ly  the  2P1/2 and 2P3/2 terms of t he  2p5 co re  which are 
s p l i t  by t h e  sp in -o rb i t  i n t e r a c t i o n .  However, s i n c e  the  e l e c t r o s t a t i c  
i n t e r a c t i o n s  are g r e a t e r  i n  magnitude than the  s p i n - o r b i t  i n t e r a c t i o n s  
f o r  t h e  more h ighly  ion ized  atoms of t he  sequence, parentage i s  not  t h e  
The o r i g i n a l  assignment of t hese  l e v e l s  by Soderqvis t  and o t h e r s  
P terms 
7 1 
determining f a c t o r  f o r  t hese  ions.  
I n  Table 2 and i n  what fo l lows  we use  the  suggested change i n  no ta t ion ,  
though of course. LS coupl ing no ta t ion  cannot f u l l y  d e s c r i b e  these  l eve l s .  
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TABLE 2 
6 i53d - 2~ - 2p6 
3Pl - lSo lPl  - Iso 11 1 3D - so 1 3Pl - ls 0 
0.57 0.097 0.082 2,24 
0.52 Mil X V I  0.074 
Cr XV 0.080 
v X I V  0.085 
Ti X I 1 1  0.092 
sc X I 1  0.10 
0.081 2.22 
0.079 2.24 
0.078 2.22 
0.075 2.19 
0 e 082 
0.44 0.069 
0.056 0.38 
0 . 046 0.33 
0.28 0.037 0.071 2.12 
0.066 2.05 
~ 
0,24 0.030 Ca X I  0.11 
0.20 0.024 0.060 1.94 
0.052 1.81 
0 -044 1.62 
0 -036 1.42 
0.18 0.019 
0.016 
0.013 
0.16 
0.15 
- j T -  0.028 0.012 0.16 
0.19 7- 0.021 0.011 
__ 
0.25 0.011 0.015 2
0.011 11 0.16 0.26 0 00 10 
0.0077 0.12 0.0093 0 . 039 
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1 
The behaviour of t he  t r i p l e t  as the  degree of i o n i z a t i o n  inc reases  
a long t h e  sequence depends ( s u b j e c t  t o  remarks below on the  comparison 
wi th  observat ion)  on t h e  r e l a t i v e  va lues  of t he  e l e c t r o s t a t i c  and sp in-  
o r b i t  parameters i l l u s t r a t e d  i n  Figure 1. For n e u t r a l  neon the  s p i n - o r b i t  
parameter 6 is s u b s t a n t i a l l y  l a r g e r  than t h e  e l e c t r o s t a t i c  parameters,  
2P 
so t h a t  p a i r  coupl ing app l i e s .  With moderate degrees  of i o n i z a t i o n ,  how- 
ever ,  t he  s i t u a t i o n  i s  reversed  so t h a t  approximate LS coupl ing holds  and 
one t r a n s i t i o n  i s  more i n t e n s e  than the  o t h e r s .  It i s  i n t e r e s t i n g  t o  no te  
t h a t  because of the  inc reas ing  s lope  of the  curve f o r  5 i t  must event-  
u a l l y  again become l a r g e r  than the  e l e c t r o s t a t i c  parameters  f o r  i ons  i n  
the  sequence p a s t  Fe X V I I ,  SO t h a t  p a i r  coupl ing w i l l  aga in  hold.  
2P’ 
COMPARISON W I T H  OTHER CALCULATIONS AND OBSERVATIONS 
There i s  a g r e a t  s c a r c i t y  of o s c i l l a t o r  s t r e n g t h s  f o r  i ons  i n  the  
neon sequence, except  f o r  neon i t s e l f ,  as seen from the  bibl iography of 
Glennon and Wiese . 
s t r e n g t h s  f o r  t he  2p53s ( P1, PI) - 2p6 (IS 
der ived  from t h e  observed energy leve ls .  The corresponding resuLt  from 
8 Peterson’ has c a l c u l a t e d  the  r a t i o  of o s c i l l a t o r  
3 1  double t  of N a  I1 as 21.0, 
0 
Table 2 i s  21.0 a l s o ,  as expected s i n c e  the  same l e v e l s  w e r e  used. 
Mendel’stam 
2p 3s - 2p and 2p 3d - 2p 
Though he does no t  g ive  the  source of t hese  va lues ,  they appear  t o  be one- 
e l e c t r o n  o s c i l l a t o r  s t r e n g t h s ;  when mul t ip l i ed  by s i x  they become 0.144 
and 3.14, comparing w e l l  wi th  the  corresponding Cgfz0.152 and 2.91 from 
Table 2. 
l U  g ives  LS coupl ing o s c i l l a t o r  s t r e n g t h s  f o r  t h e  t r a n s i t i o n s  
5 6 5 6 of Fe X V I I  as being 0.024 and 0.524 r e spec t ive ly .  
Comparisons wi th  o t h e r  c a l c u l a t i o n s ,  however, do no t  answer the  
t 
.n 
h a m 
n .n . 
a-- 
hl Q T J  
w m m  
M n n  
I I 
0 
0 
I C ) -  
8 - 
0 
3 important  ques t ion  of how w e l l  t he  r e s u l t s  ag ree  wi th  observa t ion .  
s i t u a t i o n  is less s a t i s f a c t o r y  i n  t h i s  regard ,  as d iscussed  next .  
The 
I n  Table 3 are l i s t e d  t h e  few a v a i l a b l e  observed r a t i o s  of i n t e n s i -  
1 
t ies  f o r  the  resonance l i n e s ,  t he  i n t e n s i t y  f o r  ( P 
as u n i t y  i n  each case. 
- 'So) being taken 1 
The i n t e n s i t i e s  f o r  C 1  VI11 are given by Edlen", those f o r  S i  V by 
1 2  
Ferner  , t h e  sources  i n  both cases  being sparks .  The i n t e n s i t i e s  of t he  
1 
Fe X V I I  l i n e s  are taken from Blake e t  a1 , as observed i n  the  corona, while  
t he  Mg 111 l i n e s  have been t e n t a t i v e l y  i d e n t i f i e d  i n  t h e  corona by Pecker 
and Rohrl ich and by Jordan . I n  s p i t e  of t h e  meagerness of t h i s  d a t a  
and t h e  v a r i a t i o n  i n  e x c i t a t i o n  condi t ions ,  i t  i s  f e l t  t o  be of i n t e r e s t  
t o  p l o t  the double t  r a t i o s  i n  F igure  2 toge the r  w i th  our  ca l cu la t ed  r a t i o s  
13 14 
4 
IO 
I .o 
0. I, 
I I 
% 
I \  
I 
I 
\ 
\ 
I I r -  I I 
2: Comparison of Observed and Calcula ted  
Doublet I n t e n s i t y  Rat ios  f o r  t he  Neon 
Sequence: 
c ros ses ,  c a l c u l a t e d ;  
t r i a n g l e s ,  calculated(Go1d and Knox); 
c i r c l e s ,  observed(spark);  
double c i r c l e s ,  observed(corona1. 
* 0.01 
0 
Ne 
4 
Si 
6 8 IO 
POSITIVE CHARGE 
CI 
p 
L 
12 14 16 
Fe 
and t h e  value of Gold and Knoxl5 f o r  neono 
f i g u r e  would s i g n i f y  pure LS coupling. The curve through t h e  va lue  f o r  
Mg 111 i s  drawn as a dashed l i n e  t o  emphasize i t s  complete unce r t a in ty .  
No d i r e c t  experimental  measurement of t he  neon double t  r a t i o  is  a v a i l a b l e  
bu t  t h e  f va lue  f o r  t h e  s i n g l e t  t r a n s i t i o n  has  been measured by Korolev 
e t  a l l6  t o  be 0.16, i n  rough agreement wi th  Gold and Knox's va lue  of 0.11. 
This  implies  approximate LS coupl ing,  so t h a t  t he  observed curve must 
descend from Mg I11 ( o r  N a  11) t o  t he  v i c i n i t y  of the  c a l c u l a t e d  curve,  
as ind ica ted .  
A zero o r d i n a t e  i n  t h e  
I f  w e  assume t h a t  i n  both t h e  spark  sources  and the  corona (a) the  
population of t he  upper l e v e l s  t akes  p l a c e  mainly by c o l l i s i o n a l  e x c i t a t i o n ,  
and (b )  the o p t i c a l  depths  i n  the  l i n e s  are small, assumptions which are 
most probably v a l i d  f o r  t he  corona bu t  less c e r t a i n l y  so f o r  t h e  sparks ,  
then w e  may i n f e r  from the  f i g u r e  t h a t  t he  disagreement between observa- 
t i o n  and t h e  p re sen t  c a l c u l a t i o n  i s  g r e a t e s t  f o r  t he  ions  immediately 
beyond neon, becoming less f o r  t he  more h ighly  ion ized  members of t h e  
sequence. 
i n t e r a c t i o n .  
The disagreement may be due t o  t h e  e f f e c t s  of conf igu ra t ion  
Mode experimental  measurements f o r  i ons  of t h e  neon sequence would 
put- Figure 2 and t h e  above comments on f i rmer  groundo 
- 9 -  
L 
~~ 
I n  the case  of t he  t r i p l e t ,  a l s o ,  agreement i s  b e s t  f o r  Fe XVII and 
becomes poorer f o r  decreas ing  i o n i z a t i o n  though t h e r e  are s t i l l  fewer 
observa t ions  on which t o  base t h i s  s ta tement .  The h igher  r e l a t i v e  coronal  
3D1 - 'S t r a n s i t i o n  i n  Fe X V I I  may poss ib ly  r ep resen t  i n t e n s i t y  f o r  the  
the  e f f e c t  of apprec i ab le  o p t i c a l  depth. 
0 
CONC LUS I O N S  
The single configuration treatment with intermediate coupling gives 
osciliator strengths that agree f a i r l y  well w : + ~  I c L L  observed intensity retios 
in the case of Fe XVII, in the coronaD Disagreement is marked, however, 
with the few observations of earlier ions in the neon sequence. If the 
comparison is meaningful, configuration interaction may be responsible. 
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